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(54)TItl*Jte±*iSfct INTERVERTEBRAL STABILIZER. AND METHOD AND APPARATUS FOR DETERMINING 
OR CONTROLLING tTS TENSION BEFORE IT IS PLACED ON THE BACK BONE 

m-ntn: STABIUSATEUR INTER- VERTEBRAL SOUPLE AINSI QUE PROCEDE APPAREILLAGE POUR LA DE- 
( ' TERMINATION OU LE CONTROLS DE SA TENSION AVANT MISE EN PLACE SUR LE RACHIS 



(57) Abstract 

An intervertebral stabilizer comprising one or more, 




J&Stk ligaroent(s) (I. la. lb), each of which has a device for hooking 



onto two respective vertebrae and/or is linked to two securing elements (2, 3) such ts screw, (2. 3) with Tree heads (4) which can 
be implanted in respective vertebrae (V,. V,L A method and an apparatus Tor determining c controlling the tension in an in- 
tervetebral subiliser before it is placed on the backbone are also described. The method, which is earned out after the im- 
plantation in each of said vertebrae <V„ V,) of a respective rigid rod extending outside the patients body, involves, for each 
pair of neighbouring rods, immobilizing both said rods in an initial position and. if the pain to be eliminated by said stabi- 
lizer persists, altering the distance between said rods. Then, said rods are immobilized in their new positions and a new pain 
test is carried out These operations may be repeated until said pain disappears, and the correct length of the ligament is de- 
_duced from the final distance between said rods. 



(50 Abrt*e U r«ente invention concerne un stabihsalcur inier-vertebral qui comprend un ou pfusicurs ligament(s) sou 

plets) (l. la. Ih) chacun muni de .noyens d'accrochagc a deux vertebres resnecuves ei ou assooe(s) □ deux oraanes de retenue P 
3). leis que des vis C. M a tcte libre (4) implantables chacunc dans une vertebre respective (V,. V,). La presente invention a eaa' 
lement pour objet un procede, ct I'appareillage associc. pour determiner ou controler la tension dun tel stabilisateur inter 
vertebral avant sa mise en place sur Ic. rachis. Ce procede, mis en <ruvre aprcs implantation dans chacune des vertebres 
concernees (V,. V :< ), d'unctigc rig.de respective se prolongeant hors du corps du patient, consiste, pour chaque pairc de tiaes 
vdsines. a immobibser l« deux ttgtrs dans une position initiale et, en cas de persistancc de la douleur dont la cause doit etre 
suppr.mee par le stabilisateur. a modifier la distance entre les tiges. puis a immobiliser ces dernieres dans leur nouvdlc nosi 
lion relauve et a effectuer a nouveau Ic test de douleur. ce cycle d'operations etant eventuellement repetc jusqu'a ce que la- 
due douleur disparaisse, !a longueur a donner au ligament etant deduite de la distance alors atteintc entre les deux tiges 
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Sup ple intervertebral stabiliser as well as process and apparatus 
for determining or ve rifying Its tension before Installation on the 

spinal column. 

The present invention relates to an intervertebral stabiliser to be installed 
between at least between two vertebraes to correct defects in the spinal column. 

Throughout the specification and claims, the words supple and flexible 
are utilised, however, different meanings are accorded to these two words. The 
v/ord "supple" is related to objects that can change shape according to forces in 
all directions and keep that shape until other forces are applied: they can be 
easily folded and unfolded without breaking or damaging. The word "flexible" on 
the other hand is related to objects that can change their shape according to 
certain directions, however, will return to their initial position. They can be 
curved but can't fold and unfold. 

Inter-vertebral stabilisers currently used to attenuate the often painful 
effects of diseases of the spinal column, such as scolioses, nucleus pulposus 
herniations or lumbar instabilities, take the form of metal plates or rods that are 
fixed to the vertebrae or to their spines, aiong the affected section of the spinal 
column, which has the drawback of completely immobilizing the vertebrae, 
hence of restricting or even completely preventing flexional or torsional 
movements of the patient's trunk. 

The present invention has for its objective the provision of an inter- 
vertebral stabiliser either implanted or capable of being implanted which will 
overcome the aforementioned difficulties. 

In preferred aspects the present invention also aims at providing a 
process for determining or verifying tension of such inter-vertebral stabilisers 
according to the present invention and providing apparatus for carrying out 
these processes. 



la 

Accordingly, the present invention provides an inter-vertebral stabiliser 
adapted to be installed between at least two successive vertebrae comprising 
one or more supple ligaments and two retaining elements, each said retaining 
5 element having a free head for fastening a said ligament thereto, and each said 
ligament being provided with fastening means for fastening it to a respective one 
of said retaining elements whereby, in use. said retaining elements are 
implanted into a respective said vertebrae and at least one said ligament is 
fastened to said retaining elements. 

1 0 According to a further aspecf, the present invention provides an inter- 

vertebral stabiliser installed between at least two successive vertebrae, 
characterised in that it comprises one or more supple ligaments, each said 
ligament being provided with fastening means fastening the ligament between 
said two vertebrae with two retaining elements, each of the two retaining 

15 elements being implanted in a respective one of said vertebrae. In accordance 
with a still further aspect, the present invention provides an inter-vertebral 
stabiliser when installed between at least two successive vertebrae, said 
stabiliser comprising one or more supple ligaments, each ligament being 
provided with means for fastening it to the two respective vertebrae. 

20 Advantageously, the or at least one supple ligament has the general form 

of a closed loop or, alternatively, is provided with a ring or a closed loop at each 
end thereof, whereby the ends of each ligament constitute said fastening means 
through which said ligament nzr, be fastened by hanging to a spine or any other 
protrusion of a respective vertebra. When retaining elements arc provided, e?ch 

25 of them, being preferably a screw, is advantageously formed with a free head for 
fastening a respective end of the corresponding ligament. 

There is thus obtained a supple or semi-elastic inter-vertebral stabiliser 
which, according to its mode of implantation, on one side only or on both sides of 
the spines of the vertebrae concerned, on the front face or the rear face thereof. 

30 with a single ligament or with several ligaments chained together or even 
crossed with each other, makes it possible to compensate for all sorts of defects 




1b 



or deformations of (he spinal column by permitting sufficient clearance between 
the vertebrae not to hinder the patient in the flexional or torsional movements of 
his trunk. 
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Apart from this main advantage, the inter-vortebra 1 atabilizer according 
to the invention ia extremely aimple to install: it aufflcea to engage the end 
of each Ligament around for example two vertebral splnoa or two acrewa pre- 
implanted in the vertebrae. 

To prevent any alipping of the ligament once it haa been put in place, ir 
the caae where retaining elementa, auch aa acrewa, are used, proviaiona Lo 
alao ad-antageoualy made for fitting onto each retaining element, a removable 
cap that ia radially over-d imenaioned in relation to the head of the retaining 
element. The same effect can be obtained by alternatively providing the head 
of each retaining element with a lateral projection for retaining the 
ligament. 

Before putting 'the stabilizer in place on the spinal column, its tension, 
i.e. the length at rest of the, or of each^ i lu i.is U ligament, will naturally 
have to be determined precisely in accordance with the seriousness of the 
defect to be corrected and, for this purpose, the present invention proposes 
a process implemented after implanting, in each of the vertebrae concerned and 
at the point at which the corresponding ligament is to be fixed, a 
corresponding rigid rod extending out of patient's body, this process 

being characterized in that it consists, for each pair of adjacent rods, in 
immobilizing the two rods at a predetermined distance fro© one another and, 
in the event of persistence, after a given time period has elapsed, of the 
pain the cause of which the stabilizer ia Intended to remove, in modifying the 
distance between the rods by a certain pitch and then lnmobi 1 izing them in 
their new relative positions and carrying out the pain test once again, this 
cycle of operations being repeated, if necessary, until the said pain 
disappears, the length at rest to be given to the 1 igament ' then being deduced 
from the value of the distance then reached between the two rode. 

This process can also be Implemented for verifying and modifying the tension 
of one or more ligaments already in place on the spinal column, when the 
patient experiences pain after a less or more long period of use. 

Another object of the invention is to provide an apparatus for determining 



3 

the tendon of an ^ter-vertebral stabilizer according to the invention before 
it ,3 put into place on the ( pu,l column, the aaid appa.-atua being characterized 
:n that it compri 3 ea a set of at leaet two roda each having an end for 
implantation in the corresponding vertebra, theae rods being aaaociated at leaat 
with a rigid Unit of adjustable length designed to join them together at a 
point remote from their implantation ends. 

According to a preferred embodiment, the implantation end of each rod is- 
constituted by an element having a head onto which is removably fitted an 
extension piece forming the remaining portion of the rod, designed to receive 
the rigid length-adjustable link. 

Once th operation of determining the tension of the Inter-vertabral 
stabilizer has been completed, the end elements of the rods, which will 
preferably be screws, can be advantageously held in place in the vertebrae to 
form the ligament retaining elements, and the ligament, after being produced to 
the length calculated using the process according to the invention, can easily 
be engaged around the said acrews by sliding along the extension pieces before 
they are removed. 

The rigid length-adjustable link can, for its part, take various forms, the 
simplest being that of a thin bar and two collars that can be fitted respectively 
onto the two rods and are provided with means for slldably supporting the bar 
between then, a bar locking member being provided on each collar. 

Advantageously, the apparatus according to the invention further comprises 
an instrument for determining the length at rest of the ligament, which is formed 
by two crossed legs articulated on one another at their middle, the ends of the 
legs located on the same side of the articulation each having a substantially 
seml-clrcular contacting portion, which Is applied onto the head of the 
corresponding retaining element. In this way, it is possible to determine between 
the other ends of the two legs of this instrument the length required for the 
ligament to be Implanted, which can be measured using a graduated mle. 

Embodiments of the inter-vertebral stabilizer according to the invention, 
together with a process and an apparatus for determining their tension, will now 
be described in greater detail, but non llmltatively, with reference to the 
accompanying drawings, wherein: 



- ffi ;ure 1 3 howa a aide vlqw Ln partial cro.is-aect ion of the inter- vertebra I 
stabilizer according to the first embodiment of the invention; 

- figure 2 La a front view of an inter- vertebra 1 atabilUer according to the 
second embodiment of the invention; 

- figures 2a and 2b ahow alternative embodiments of the stabilizer of figure 

2; 

- figures 3a, 3b and 3c illuotrate one of the ligament retaining elements 
of the stabilizer of figure 1; 

- figures 4a and 4b show, in longitudinal cross-sectional view and in front 
view respectively, one of the ligament retaining elements of the stabilizer of 
figure 2; 

- figure 5 is a side view, in partial cross-section, of the apparatus 
according to the invention, represented in use on two adjacent vertebrae; 

- figure 6 is a croas-eectional view along line VI-VI of figure 5; 

- figure 7 illustrates, in its position of use, a supplementary accessory 
of this apparatus, designed to determine the length at rest of the ligament; and 

- figure 8 represents the apparatus of figure 5 as used for the insertion 
of the^f IsMible ligament around the retaining elements. 

Figure 1 represents two adjacent vertebrae, VI, V2, of a patient's spinal 
column, linked by an inter-vertebral stabilizer according to the invention, which 
is cor^aed of a ( MmM« ligament 1 in the form of a closed loop and of two 
screwe 2,3 each implanted in a corresponding vertebra to retain ligament 1 
between them, said ligament being eljnply engaged around the widened cylindrical 
heads 4 of the screws, emerging from the vertebrae. Ligament 1 is an artificial 
Ligament made of Macron" (registered trade-mark) or of any other^Se^iM* 

As more clearly shown in the longitudinal cross-sectional and front views 
of figures 3b and 3c, the head 4 of each screw comprises an a*ial blind hole 5 
having a hexagonal cross-section, in which a hexagonal key can be enqaged in 
order to unplant the screw in the corresponding vertebra. 

After ligament 1 has been put into place around the screws thus implanted, 
hole 5 of each of said screwe i 8 closed using a flat circular cap or plug 6, 
shown alone in figure 3a, said cap, the diameter of which . is substantially 



larqer than that of Mead 4 of the screw, being screwed by means of a central pin 
7 with a threaded end into a threaded bore 3 opening in the bottom of hoLe 5. 
To accomplish this screwing operation, use la made of a special key cooporatlng 
with two slots, 9,9a, formed on the periphery of each cap 6. Alternatively, each 
cp may be provided with a central hexagonal bore and screwed on the head 4 of 
the corresponding screw by using a hexagonal xey engaged in thl. bor By 
projecting radially right around the corresponding heade 4 of the serene, the 
two cape 6 preclude any likelihood of ligament 1 slipping off the .eld head., 
aa illuetrated in figure 1. 

The caps 6 are particularly useful wh*n the inter-vertebral .tablllzer 



according to the invention compriaea several supplementaxY^XWltl* ligaments, 
such a. illustrated at la and lb in figure 1, chained together with first 
ligament 1, on the vertebrae preceding and following the two designated by 
VI, V2, with the help of the same number of supplementary retaining .crew.. 

In the case illustrated in figure 2, in which only one ligament 1 in the form 
of a closed loop will have to be Interposed between only two successive vertebrae 
VI, V2, the head 4 of each .icrew 2 or 3 can be provided alternatively with a 
lateral projection 10 of suitable height, as represented In profile and in front 
view in figures 4a and 4b. In this case, it will be neces.ary fir.t of all to 
implant the two scraws 2,3 by orientating their projections 10 oppo.it. on. 
another so that ligament 1 can be then slid without any impediment around their 
heads 4, after which the screws will be given an additional half-turn to place 
projections 10 in their ligament retaining position*, as shown in figure 2. 

The inter-vertebral stabilizer according to the invention maXee it possible, 
according to it. positioning, to combat numerous painful disease, affecting the 
spinal column. The stabilizer shown in figures 1 and 2 la put Into place on the 
rear face of vertebrae VI, V2 and on one aide only of their spines A1.A2. However, 
depending on the type of diseaae to be treated, it is pos.ibl. to u.e twc 
stabilizes according to the invention, mounted on either side of vertebral 
apinee A1.A2 or crossed between the two vertebrae VI, V2, on the front or rear 
face thereof. In all cases, however, it is necessary to determine the ten.lon 
of the stabilizer, i.e. the length at rest of its ligament 1. accurately before 
it is installed, as a function of the seriousness of the defect to be corrected. 



Toe tr.ii purpose, -.he present :nv«ntion proposes .1 procHHS and an appar us for 
its implementation, which wHS now be descried w.rh reference to figures S to 
d. 

As it can be seen, the basic accessories of this apparatus are two rigid 
rectilinear rods, 11.12. which are fixed in the respective vertebrae VI, 72 by 
their ends which, in the preferred embodiment represented in figure 5, are formed 
by screws 2,3 of what La to become the stabilizer. Each acre* ia implanted in 
the way deecribed above after a local aurgical inciaion haa b«en made In the 
patient's back in front of each vertebra for uncovering it. Bach rod 11,12 ia 
completed by a cylindrical extension piece 13 having a threaded end 14, which 
ia fitted onto the head 4 of the correaponding acrew by acrewing into its 
threaded bore 8 after removal of cap 6. For thia purpoae, the. tree opposite end 
of each extenaior. piece 13 ia provided with a hexagonal head 23 aultaMe for 
receiving a tightening key. It will also be noted that each extension piece 13 
lias a .oot 13a which flares progressively until its diameter is substantially 
equal to that of the head of acrew 4 onto which it ia fitted. 

The two rode 11,12 being thua implanted ao aa to extend out from the 
patient 'a back D, they are joined in the vicinity of their free ends 14 by - 
rigid link li cf adjuatable length and, by means of the latter, the distance 
between the rods is adjusted to a value that ia predetermined aa a function of 
the nature and the aeriousness, p.eviouely diagnoetd, of the defect to be 
corrected on the epinal column. 

After the two rods have been thus immobilized in thio initial position, the 
incisions in the patient's back are closed up and the patient is made to undergo 
a test which consists in verifying whether, at the end of a given period, 
possibly one to two days, the patient still experiences pain. in the affected area 
of the apinal column. If this is the case, tho spacing between rods 11,12 Is 
slightly modified, generally for bringing them closer to one another 
(compression), by acting on the length of link 1,5, and the pain test is repeated 
ove- aubstantially the earn* period of tim* as before. 

This dual operation will be repeated if necessary, preferably with a constant 
pitch of change in the spacing of rode 11, 12, until the patient no longer 
experiences any pain in the back. Once this result has been achieved, the length 



at reat required -qi the 1 iqamenr. to b2 implanted Between the vertebra.* L a 
•••ensured or calculated with maximum accuracy. 

It practice, the max it. -in number of successive cycles of verifying operations 
leading to the a i iminat ion or pain wij be three and, if the pain proves to 
persist aft-r these three cycles of operations, this will mean that the defect 
that causes it L* not present m the pair of vertebrae tested and the process 
according to tl.e invention will then have to be applied to the following pair 
of vertebrae or successively on tho following pair(a) of vertebrae, until the 
pain disappeara. 

Of course, when neveral^ Mn il i l s ligaments are to be chained together, such 
as 1, la and lb (figure 1), over a long section of the spinal column, the above 
described process will be applied simultaneously to all the successive vertebrae 
to be treated, using as many rods 11,12 as there are vertebrae and joining them 
two by two using length adjustable links such as IS. 

This link, which is more clearly represented in figure 6, is in fact formed 
here by a uhi.. cylindrical bar 16 retained on two collars 17,18, each of which 
ia fixed to a corresponding rod 11, 12 by means of a lock screw 19. Bar 16 is 
more precisely housed so as to be able to slide freely in a groove 20 of each 
of collars 17,18 and is locked therein, after the spacing of the rods has been 
adjusted, by head 21 of lock screw 19 of the corresponding collar. Alternatively, 
of course, link IS can take the for* of a device with threaded rods with reversed 
screw pitches, which could even be fitted with a system for directly measuring 
the spacing between rode 11,12. 

The length to be allocated to the ligament caji be derived, by a 
trigonometrical calculation, from the distance d measured, for example near 
link 15, between rods 11,12 immobilized in the right position. According tc an 
additional feature of the invention, however, it is possible, as an alternative, 
to measure direct 1/ ^.e length to be allocated to ligament 1 between heads 4 of 
acrewB 2,3 by using an instrument which will now he described, together with its 
mode of use, with reference to figure 7. 

As it can be seen, this instrument 24 for determining the length of the 
ligament takes the general form of a "pair of scissors" and is more specifically, 
formed by two legs, 25,26, of the same length, which cross in their middle and 
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ligament can he fastened by hanqinq over the head 4 of a respective retaining 
screw 2 or 3 . 

According to another alternative embodiment shown on figure 2b, the ligament 
Id of the stabilizer, having the form of a closed loop, is passed through himself 
for defining a first end loop 43 which is engaged around the spine X ; of a 
respective vertebra v.. At its second e-.d, the ligament Id is placed axound spine 
A2 of the lower vertebra v : , then re-passed through himself for forming a second 
end loop 4S after insertion of a locking pin 44. Spines A t and K 7 here play the 
role of the retaining screws 2,3, but it goes without aaying that ligament Id 
of figure 2b can also be associated with such screws, aa those 1 and lc of 
figures 2 and 2a. Inversely, ligaments 1 and lc of figures 2 and 2a can be 
fastened by an hanging connection directly over spines K x and A 2 of vertebrae 
and v : , without the use of retaining screws, as the ligament Id of figure 2b. Of 
course, a chained arrangement of a plurality of ligaments, as the one shown on 
figure 1, may also be obtained with the embodiments of figures 2a and 2b, by 
means of pre- implanted retaining screws or by direct fastening over the spines 
of the vertebrae concerned. 

For their part, screws 2,3 could be replaced by any other retaining element 
capable of being implanted in a vertebra and provided with a free head for 
fastening a ligament end thereover. 

Furthermore, rods 11, 12 of the apparatus of the present invention can be 
made in a single piece, the two-piece form of embodiment described abow being 
preferable, however, when ligament retaining elements, such as screws, are used 
because, in this case, it precludes the need to reimplant said retaining elements 
after the preliminary operation for determining the tension of the stabiliser. 

It should further be pointed out that the screws or other retaining elecaents 
2,3, their caps 6 and rods 11,12 will preferably be made from a bio-coexpet Lble 
metallic alloy. 
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THE CLAIMS DFRNlNfi THE INVENTION ARF AS FOLLOWS - 



1. An inter-vertebral stabiliser adapted to be installed between at least two 
successive vertebrae comprising one or more supple ligaments and two 
retaining elements, each said retaining element having a free head for fastening 
a said ligament thereto, and each said ligament being provided with fastening 
means for fastening it to a respective one of said retaining elements whereby, in 
use, said retaining elements are implanted into a respective said vertebrae and 
at leist one said ligament is fastened to said retaining elements. 

2. An inter-vertebral stabiliser installed between at least two successive 
vertebrae, characterised in that it comprises one or more supple ligaments, each 
said ligament being provided with fastening means fastening the ligament 
between said two vertebrae with two retaining elements, each of the two 
retaining elements being implanted in a respective one of said vertebrae. 

3. The inter-vertebral stabiliser according to claim 1 or claim 2, characterised 
in that the or at least one supple ligament has the general form of a closed loop, 
the ends of which constitute said fastening means. 

4. The inter-vertebral stabiliser according to claim 1 or claim 2, characterised 
in that the or at least one supple ligament is provided, at each end thereof, with a 
ring or a closed loop constituting said fastening means. 

5. The inter-vertebral stabiliser according to claim 1. characterised in that 
each of the retaining elements is provided with a removable cap, radially over- 
dimensioned in relation to the head of the retaining element, on which it can be 
fitted. 

6. The inter-vertebral stabiliser according to claim 1 , characterised in that the 
head of each retaining element is provided with a lateral projection for retaining 
the ligament. 
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7. An inter-vertebral stabiliser when installed between at least two 
successive vertebrae, said stabiliser comprising one or more supple ligaments, 
each ligament being provided with means for fastening it to the two respective 
vertebrae. 

8. Process for determining or verifying the tension of an inter-venebral 
stabiliser according to any one of claims 1 to 7, before its installation on the 
spinal column, this process, which is implemented after the implantation, in each 
of the vertebrae concerned and at the point at which the corresponding ligament 
is to be fixed, of a corresponding rigid rod extending out of the patient's body, 
being characterised in that it consists, in the case of each pair of adjacent rods, 
in immobilising the two rods at a predetermined distance from one another and. 
in the event where the pain, the cause of which is to be removed by the 
stabiliser, is persisting after a given time period has elapsed, in modifying the 
distance between the rods by a certain pitch, and then in immobilising the latter 
in their new relative positions and in carrying out the pain test once again, this 
cycle of operations being repeated, if necessary, until the said pain disappears, 
the length at rest to be given to the ligament then being deduced from the value 
of the distance then attained between the two rods. 

9. Apparatus for implementing the process according to claim 8. for 
determining or verifying the tension of an inter-vertebral stabiliser according to 
ono of claims 1 to 8. before it is put into place on the spinal column, 
characterised in that it comprises a set of at least two rods each having an end 
for implanting in the resopctiva vertebra, the said rods being associated with at 
least one rigid link of adjustable length designed to join them at a point remote 
from their implantation ends. 

10. The apparatus according to claim 9, characterised in that the implantation 
end of each rod is constituted by the corresponding retaining element of the 
ligament of the said stabiliser and each of the rods is completed by a removable 
extension piece fitting onto the head of said retaining element. 
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11. Th© apparatus according to claim 10. characterised in that the said 
length-adjustable rigid link comprises a thin bar and two collars that can be fitted 
respectively on the two rods and are provided with means for supporting the bar 
slidingly between them, an element for locking the bar being provided on each 



collar. 



12. The apparatus according to any one of claims 9 to 11. characterised in 
that it comprises an instrument for determining the length at rest of the ligament, 
which is formed by two crossed legs articulated on one another at their middle, 
the ends of the legs located on the same side of the articulation each having a 
substantially semi-rircular contacting portion. 

DATED this 2nd day of May, 1994 
FRANCIS HFNRI BREARD and HENRY fifing 
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ABSTRACT OF THE DISCLOSURE 

The present invention relater to an inter-vertebral stabilizer comprising 
one or tnore^ tm is is ligaments (1,1a, lb), each of them being provided with means 
for fastening it to two respective vertebrae and/or associated with two retaining 
elements (2,3), such as screws, each of which La auitable for being implanted 
in a respective vertebra (VI, V2). 

The present invention also relates to a process, and the associated 
apparatus, for determining or verifying the tension of such an inter-vertebral 
stabiliser before it ia put into place on the spinal column. This process 
consists in implanting, in each of the vertebrae concerned <V1,V2), a 
corresponding rigid rod extending outside the patient's body and, in each pair 
of adjacent rods, in immobilizing the two rode in an initial position and, in 
the event where the pain, the cause of which is to be removed by the stabilizer, 
is persisting, in modifying the distance between the rode, then in iaeobiliaing 
the latter in their new relative positions and in repeating the pain test, this 
cycle of operations being repeated, if necessary, until the said pain disappears, 
the length to be allocated to the ligament being deduced from the distance then 
attained between the two rods. 
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